T HE JOINT Air Force and Navy Defense Meteorological Satellite Program (DMSP) has a rich heritage of flying new state-of-the art remote sensing instruments to provide timely and critical global weather intelligence to the military users and stable global radiometric observations to the earth science community. In particular, DMSP has had a string of successes flying passive microwave sensors with new capability. The Special Sensor Microwave Temperature (SSM/T) was developed in the 1970s as an "all-weather" cross-track scanning microwave temperature profiler and still serves the users today. The Special Sensor Microwave Imager (SSM/I) followed in the 1980s with a revolutionary conically scanning imager to measure surface parameters, such as ocean surface wind speed, sea-ice concentration, land surface temperature, and soil moisture, and atmospheric parameters, such as rainfall rate, cloud liquid water, and integrated water vapor. The SSM/I was soon followed by the SSM/T-2 microwave water vapor profiler with cross-track scan geometry synchronized to the SSM/T. This instrument pushed millimeter-wave technology into higher frequencies . This suite of instruments is still flying today and provide an excellent source of independent collaborative data to help verify the newest instrument program for DMSP: the Special Sensor Microwave Imager/Sounder (SSMIS).
The SSMIS program began in the spring of 1989 at Aerojet Corp. (now Northrop-Grumman Electronic Systems), in Azusa, CA. The SSMIS was considered to be a major step forward for the user communities, because this sensor combined the functionality of the heritage DMSP sounders (SSM/T and SSM/T-2) and imager (SSM/I) into a single integrated conically scanning instrument with additional channels to profile the mesosphere. For the first time, atmospheric soundings would be derived by an instrument with a constant viewing geometry in lieu of the more traditional cross-track, dwell, and step-stare geometry, such as the heritage DMSP and National Oceanic and Atmospheric Administration Advanced Microwave Sounding Unit sensors. The users anticipated several benefits from the common conical scan geometry: constant pixel resolution across the swath, constant polarization, and common fields of view of the surface and atmosphere for both sounding and imaging channels.
The SSMIS development process was challenging. Many components in the complex sensor system initially did not pass rigorous tests, resulting in a protracted development cycle. Lessons learned were captured along the way and are being Digital Object Identifier 10.1109/TGRS. 2008.919866 applied to the next-generation sensor developments, specifically, the Microwave Imager Sounder (MIS) of the National Polar-orbiting Operational Environmental Satellite System. The requirements levied on MIS represent an extension of the SSMIS performance, primarily in improved spatial resolution and ocean surface and soil moisture capability. Because the development process for complex meteorological sensors of all types is challenging, the SSMIS has served a critical role in engineering risk reduction for the MIS sensor.
To facilitate the transition of the SSMIS data products to the users, the DMSP program office, in conjunction with Navy PMW-180, committed to a comprehensive end-to-end SSMIS calibration/validation (Cal/Val), which was patterned after the extremely successful joint Air Force/Navy sponsored SSM/I Cal/Val. The Naval Research Laboratory and The Aerospace Corporation teamed to lead the technical efforts, with support from remote sensing scientists and data analysts within the Air Force Weather Agency (AFWA), the Fleet Numerical Meteorology and Oceanography Center (FNMOC), and the DMSP program office.
The SSMIS Cal/Val team was tasked to verify and quantify the instrument performance in terms of its sensor data record (radiometric calibration, geolocation, scan-uniformity, noise level, and stability) and validate the environmental data record (EDR) performance (lower-air temperature and humidity, upper-air temperature, and SSM/I-type parameters). The program anticipated two important outcomes of Cal/Val. Performance shortfalls of the first flight unit would be addressed, if necessary, through modifications to the Ground Data Processing Software resident at AFWA and FNMOC. Just as important, the Cal/Val efforts must identify any hardware modifications necessary to bring subsequent SSMIS instruments into compliance with performance specifications.
The F-16 SSMIS was launched on October 18, 2003 from the Vandenberg Air Force Base, Lompoc, CA, aboard the last Titan 2 vehicle. The intensive Cal/Val program began after the SSMIS successfully passed early-orbit testing. The work of the Cal/Val team included detailed data analysis, radiative transfer modeling, and aircraft-and ground-based measurements leading to a series of corrections to antenna beam pointing, resampling, scan nonuniformity, and absolute radiometric calibration. This activity was followed by intensive verification of EDR products based on coincident surface and atmospheric validation data.
There were several unexpected findings, as is common in the Cal/Val of a new and complex sensor design. The polarizations of the lower atmospheric sounding channels 1-5 were found to be vertical rather than horizontal and led to an investigation to determine the best correction to the temperature sounding algorithm and changes in the hardware configuration to remove the problem in subsequent instruments. In addition, two instrument calibration anomalies that proved to be vexing and required considerable attention were uncovered. The higherthan-expected antenna reflector surface emissivity and undesired solar heating of the warm calibration target required corrections implemented in ground processing with new data quality flags. Hardware modifications of subsequent instruments to reduce reflector emissions and prevent direct solar illumination into the warm load were also carried out.
In summarizing the contributions of the F-16 SSMIS Cal/Val effort, we would like to recognize the diverse collection of individuals and their organizations ( Table I ) that have contributed their unique talents to create a successful Cal/Val and to facilitate transition of sensor data products to an equally diverse collection of data users and applications. This special issue documents the major results and lessons learned from the first SSMIS Cal/Val effort. Some of these will be applied to subsequent SSMIS instruments, hopefully shortening the Cal/Val period and expediting the release of SSMIS data products. It is with great pleasure that we present the papers in this special issue of TGARS dedicated to the first SSMIS sensor.
The guest editors would especially like to thank the reviewers of the manuscripts submitted for this special issue. Their efforts have resulted in significant improvements to several of the papers. We would also like to thank TGARS Editor Prof. J. Benediktsson for his help and guidance in preparing this special issue. It is our hope that this collection of papers provides the solid foundation needed by the broad user community as they begin to exploit the full capabilities of this important international asset. 
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